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OCCUPANT'S WEIGHT DETECTING SYSTEM AND METHOD OF USE 



parvr,Rnnwo OF T HF - tnvf.ntton 

FTF.T.n OF TH F - TNVF.NTTON 

The present invention relates to an occupant's weight 
detecting system for detecting the weight of an occupant sitting 
on a seat of a vehicle and using an allotment method with at least 
first and second weight-detecting units . 
nF.RrRTPTTnw of thf. RF.T.ATF.D ART 

The operation and non-operation of an air bag device for 
an occupant on a passenger seat, the magnitude of the speed of 
deployment of an air bag and the like are controlled depending 
on the physigue of the occupant sitting on the passenger seat and 
the presence or absence of the occupant, i.e., depending on the 
status of the occupant. For example, when the occupant is an adult 
or a child, the air bag device is operated, and when the occupant 
is a baby or infant sitting on a seat or when no occupant sits 
on the seat, the air bag is not operated. Further, even when the 
air bag device is operated, the deployment of the air bag is 
controlled so that, when the occupant is an adult, the air bag 
is deployed at a high speed, and when the occupant is a child, 
the air bag is deployed at a low speed. Thus, it is possible to 
ensure that the air bag device exhibits an optimal restraint 
performance corresponding to the status of an occupant, Also, it 
is possible to avoid unnecessary deployment of the air bag. 

A status-determining device for determining a status based 
on an occupant' s weight detected by a plurality of weight sensors 
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mounted in a seat, is known from Japanese Patent Application 
Laid-open No. 2002-160511. The status-determining device is 
designed so that outputs from the weight sensors are corrected 
based on a temperature detected by a temperature sensor in order 
to compensate for changes in outputs from the weight sensors. 

In the above-described conventional status-determining 
device including a plurality of weight sensors, when a door is 
opened and cold air flows into a vehicle compartment during heating 
of the vehicle compartment, a sudden change in temperature occurs, 
so that differences are generated among the temperatures of the 
plurality of weight sensors* Therefore, it is difficult to 
appropriately correct a difference between temperatures of two 
strain resistors constituting one weight sensor, for example, by 
a single temperature sensor. 

fijTMMARY O F THE IN VENTION 

Accordingly, it is an object of the present invention to 
ensure that the weight of an occupant sitting on a seat is detected 
accurately without being influenced by a change in temperature. 

To achieve the above object, according to a first feature 
of the present invention, there is provided an occupant' s weight 
detecting system for detecting the weight of an occupant sitting 
on a seat of a vehicle in an allotment manner at least by first 
and second weight-detecting units, wherein an output from the first 
weight-detecting unit is increased with an increase in weight, 
and an output from the second weight-detecting unit is decreased 
with the increase in weight, and the first and second weight- 
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detecting units have the same characteristic of change in outputs 
with respect to change in temperature, whereby the weight of the 
occupant is detected based on a value obtained by inverting the 
output from one of the first and second weight-detecting units 
and adding the inverted output to the output from the other 
weight-detecting unit. 

With the above arrangement, of the first and second 
weight-detecting units for detecting the weight of the occupant 
sitting on the seat of the vehicle in the allotment manner, the 
first output from the first weight-detecting unit is increased 
with the increase in weight, and the second output from the second 
weight-detecting unit is decreased with the increase in weight, 
and the first and second weight-detecting units have a similar 
characteristic of change in outputs with respect to change in 
temperature. The second output changes inversely at a rate 
similar to the rate at which the first output changes as weight 
changes. Therefore, when the occupant's weight is detected based 
on outputs from the first and second weight-detecting units, 
changes in outputs from the first and second weight-detecting units 
due to a change in temperature are countervailed. As a result, 
it is possible to accurately detect the occupant's weight, 
irrespective of a sudden change in temperature. 

According to a second feature of the present invention, in 
addition to the arrangement of the first feature, the first and 
second weight-detecting units include strain resistors fixed to 
surfaces of sensor plates adapted to be flexed by the occupant's 
weight, the strain resistors of the first weight-detecting unit 
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being fixed to a first surface of the first sensor plate, and the 
strain resistors of the second weight-detecting unit being fixed 
to a second surface of the second sensor plate, the second surface 
being vertically opposite from the first surface. 

With the above arrangement, each of the first and second 
weight-detecting units comprises the sensor plate adapted to be 
flexed by the occupant's weight and the strain resistors fixed 
to the surfaces of the sensor plate. The strain resistors of the 
first weight-detecting unit are fixed to the first surface of the 
first sensor plate thereof, and the strain resistors of the second 
weight-detecting unit are fixed to the second surface, which is 
vertically opposite from the first surface, of the second sensor 
plate thereof. Therefore/ the output from the first weight- 
detecting unit is increased and the output from the second 
weight-detecting unit is decreased, in accordance with an increase 
in weight. 

According to a third feature of the present invention, in 
addition to the arrangement of the second feature, the first 
weight-detecting unit and the second weight-detecting unit 
commonly use a sensor plate. 

With the above arrangement, the sensor plate is commonly 
used by the first and second weight-detecting units, which can 
contribute to a reduction in number of parts - 

An outer weight-detecting unit 12o corresponds to the first 
weight-detecting unit of the present invention, and an. inner 
weight-detecting unit 12 i corresponds to the second weight- 
detecting unit of the present invention. 
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The above and other objects, features and advantages of the 
invention will become apparent from the following description of 
the preferred embodiment taken in conjunction with the 
accompanying drawings. 

Ffl TflF PfifiC*TPTT nM nir IHE DRAWINGS 
Fig.l is a perspective view of a weight-detecting system 
mounted in a seat according to an embodiment of the present 
invention . 

Fig. 2 is a view of the weight-detecting unit taken from the 
side of its lower face. 

Fig.3A is an enlarged sectional view taken along a line 3A-3A 

in Fig. 2* 

Fig.3B is an enlarged sectional view taken along a line 3B-3B 
in Fig. 2. 

Fig, 4 is an enlarged sectional view taken along a line 4-4 
in Fig. 2. 

Fig. 5 is a view of a lower surface of a sensor plate. 

Fig. 6 is a schematic view of a weight-detecting unit. 

Figs.7A and 7B are diagrams illustrating an output 
characteristic of the outer weight-detecting unit due to loads. 

Figs.8A and 8B are diagrams illustrating an output 
characteristic of the inner weight-detecting unit due to loads. 

Fig. 9 illustrates the calculation of the weight of an 
occupant. 

Figs.lOA and 10B are diagrams illustrating output 
characteristics of the inner and outer weight-detecting units due 
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to a temperature. 

Fig. 11 is a graph showing a change in temperature at a portion 

in the vicinity of the seat 

Fig- 12 is a graph showing a change in output voltage from 
a conventional outer weight-detecting unit when a door of a vehicle 
is opened during heating of a vehicle compartment. 

Figs,13A and 13B are graphs showing changes in output 
voltages from the outer weight-detecting unit with respect to the 
load and the temperature, 

Figs.l4A and 14B are graphs showing changes in output 
voltages from the inner weight-detecting unit with respect to the 
load and the temperature. 

Figs 15A and 15B are diagrams illustrating a principle for 
compensating for changes in output voltages from the weight- 
detecting units with respect to the temperature* 

DttftflRTPTTON OF THE PREFE?PF.D ENTRODTMENT 

The present invention will now be described by way of a 
preferred embodiment with reference to the accompanying drawings. 

Figs. 6, 7A, 8A and 10A are schematic diagrams for 
illustrating the principal of the embodiment, and do not correspond 
to the actual structure of the embodiment shown in Figs. 2 and 
4. 

Referring to Fig.l/ a pair of base members llo and Hi are 
fixed to a floor of an automobile 10, A pair of weight-detecting 
units 12o and 12i are mounted along upper surfaces of the base 
members llo and Hi. A seat S is longitudinally movably supported 
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on a pair of seat rails 13o and I3i fixed to upper surfaces of 
the weight-detecting units l2o and 12i. A subscript symbol a 
designates a member existing on an outer side in a widthwise 
direction of the vehicle, and a subscript character i designates 
a member existing on an inner side in the widthwise direction of 
the vehicle. 

Fig -2 is a view from below of the weight-detecting unit 12o 
existing on the outer side in the widthwise direction of the 
vehicle. 

As can be seen from Figs. 2 and 3, the weight-detecting unit 
12o includes a sensor housing 14 having a groove-shape in section 
with its lower surface opened. The sensor housing 14 is provided 
at its front and rear ends with front and rear brackets 15 and 
16 to which the seat rail l3o is coupled. A front arm member 17 
is accommodated in a front half of the sensor housing 14, and 
pivotally supported by a support pin 18 on the sensor housing 14 
at a location closer to a front portion. A front load-receiving 
member 20 is supported by a bolt 19 at a front end of the front 
arm member. Likewise, a rear arm member 21 is accommodated in a 
rear half of the sensor housing 14, and pivotally supported by 
a support pin 22 on the sensor housing 14 at a location closer 
to a rear portion. A rear load-receiving member 24 is supported 
by a bolt 23 at a rear end of the rear arm member 21. The bolts 
19 and 23 pass through elongated bores 14a formed in the sensor 
housing 14. Each of the front and rear load-receiving members 20 
and 24 is fixed to an upper surface of the base member llo by two 
bolts 25, 25. 
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A3 can be seen also from Figs. 4 and 5, a generally T-shaped 
sensor plate 26o is mounted at a central portion of the sensor 
housing 14 . The sensor plate 26o includes flexing portions 28 and 
29 leading to front and rear portions of a first fixing portion 
27, second fixing portions 30 and 31 leading to front and rear 
portions of the flexing portions 28 and 29, and a base plate portion 
32 leading to a side of the first fixing portion 27. The first 
fixing portion 27 is fixed through a center post 33 to the sensor 
housing 14. Two upper and lower connecting plates 35, 35 fixed 
by a bolt 34 to the front second fixing portion 30 are secured 
at a rear end of the front arm member 17, while two upper and lower 
connecting plates 35, 35 fixed 31 by a bolt 34 to the rear second 
fixing portion are secured at a front end of the rear arm member 
21. 

Two strain resistors Rio and R2o are mounted on a lower 
surface (a surface opposite from the sensor housing 14) of the 
rear flexing portion 29 of the sensor plate 26o. Two strain 
resistors R3o and R4o are mounted on a lower surface (a surface 
opposite from the sensor housing 14) of the front flexing portion 
28. Various electronic parts (not shown) connected to the four 
resistors Rio to R4o are connected to the base plate portion 32. 

The weight-detecting unit I2i on the inner side in the 
widthwise direction of the vehicle is the same as the weight- 
detecting unit 12o on the outer side in the widthwise direction 
of the vehicle, except that four resistors Rli to R4i are mounted 
on an upper surface (surfaces opposed to the sensor housing 14) 
of the flexing portions 28 and 29 (see Fig,8A) . The weight of an 
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occupant is substantially equally detected by the inner and outer 
weight-detecting units 12o and I2i. 

A technique for detecting the weight of an occupant sitting 
on the seat S by the two weight-detecting units 12o and I2i will 
be described below ♦ 

First, the weight-detecting unit 12o on the outer side in 
the widthwise direction of the vehicle will be described with 
reference to Fig. 6- When the weight of an occupant is applied as 
Wf and Wr to the front load-receiving member 20 and the rear 
load-receiving member 24, respectively/ the front arm member 17 
and the rear arm member 21 are swung about fulcrums 18 and 22, 
so that the second fixing portions 30 and 31 of the sensor plate 
26o connected to the ends of the front and rear arm members 17 
and 21 are pushed down by loads Ff and Fr. As a result, as shown 
in Fig.7A, the second fixing portions 30 and 31 of the sensor plate 
26 are flexed about the first fixing portion 27 fixed to the center 
post 33, whereby the resistors Rio and R3o closer to the center 
post 33 are shrunk, and the resistors R2o and R4o farther from 
the center post 33 are expanded. 

As shown in Fig, 7B, because a voltage of 5v is being applied 
in circuit 50 to opposite ends of the strain resistors Rio and 
R2o connected in series, the resistance value of the shrunk strain 
resistor Rio is decreased, and the resistance value of the expanded 
strain resistor R2o is increased. As a result/ an output voltage 
A at an intermediate point between the strain resistors Rio and 
R2o is raised. Likewise, because a voltage of 5V is being applied 
to opposite ends of the strain resistors R3o and R4o connected 
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in series, and the resistance value of the shrunk strain resistor 
R3o is decreased, the resistance value of the expanded strain 
resistor R4o is increased. As a result, an output voltage B at 
an intermediate point between the strain resistors Rio and R2o 
is raised. Namely, as shown by a solid line in Fig.l3A, the output 
voltages A and B are raised linearly in accordance with an increase 
in the occupant' s weight applied to the weight-detecting unit 12o. 

The weight-detecting unit 12i on the inner side in the 
widthwise direction of the vehicle will be described below. In 
the weight-detecting unit 12o on the outer side in the widthwise 
direction of the vehicle, the strain resistors Rio to R4o are 
mounted on the lower surface of the sensor plate 2 60, but in the 
weight-detecting unit 12i on the inner side in the widthwise 
direction of the vehicle, the strain resistors Rli to R4i are 
mounted on the upper surface of the sensor plate 26. Therefore, 
as shown in Fig. 8A/ when the second fixing portions 30 and 31 
of the sensor plate 2 60 are pushed down by the loads Ff and Fr 
by the application of the occupant's weight as wf and Wr to the 
front load-receiving member 20 and the rear load- receiving member 
24 respectively, the strain resistors Rli and R3i closer to the 
center post 33 are expanded, and the strain resistors R2i and R4i 
farther from the center post 33 are shrunk. 

As shown in Fig. 8B, because a voltage of 5V is being applied 
in circuit 52 to opposite ends of the strain resistors Rli and 
R2i connected in series, the resistance value of the expanded 
strain resistor Rli is increased, and the resistance value of the 
shrunk strain resistor R2i is decreased. As a result, an output 
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voltage C at an intermediate point between the strain resistors 
Rli and R2i is lowered. Likewise, because a voltage of 5V is being 
applied to opposite ends of the strain resistors R3i and R4i 
connected in series, the resistance value of the expanded strain 
resistor R3i is increased, and the resistance value of the shrunk 
strain resistor R4i is decreased. As a result, an output voltage 
D at an intermediate point between the strain resistors R3i and 
R4i is lowered. Namely, the output voltages C and D are lowered 
linearly in accordance with an increase in the occupant's weight 
applied to the weight-detecting unit I2i, as shown by a solid line 
in Fig.l4A. 

As shown in Fig. 9, the weight of the occupant is obtained 
by using the outputs of circuits 50 and 52 with a calculating 
circuit 54 . 

A change in output characteristic of each of the 
weight-detecting units 12o and 12i on the inner and outer sides 
in the widthwise direction of the vehicle due to the temperature 
will be described below. 

The resistance value of each of the strain resistors Rio 
to R4o and Rli to R4i changes not only due to the load but also 
due to the temperature . For example, if a door is opened in a state 
in which the inside of a vehicle compartment is being heated when 
the atmospheric temperature is low, the sensor housing 14 having 
a good heat-radiating property radiates its heat to lower its 
temperature, as shown in Fig.lOA. Accordingly, the heat flows 
from the second fixing portions 30 and 31 at the opposite ends 
of the sensor plate 26o and 261, through the central first fixing 
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portion 27 and the center post 33, to the sensor housing 14. 
Therefore, the temperatures of the strain resistors Rio, R3o, Rli 
and R3i closer to the sensor housing 14 are faster to drop, and 
the temperatures of the strain resistors R2o, R4o, R2i and R4i 
farther from the sensor housing 14 are slower to drop. At this 
time, the temperature change characteristics of the strain 
resistors Rio to R4o mounted on the lower surface of the sensor 
plate 26o become the same as the temperature change characteristics 
of the strain resistors Rli to R4i mounted on the upper surface 
of the sensor plate 26i. 

Therefore, as shown in Fig.lOB, there is developed a state 
in which the resistors Rio, R3o, Rli and R3i faster to be cooled 
have lowered temperatures and decreased resistance values, and 
the resistors Rio, R3o, Rli and R3i slower to be cooled have 
decreased resistance values and constant temperatures. As a 
result, the output voltages A and B in the outer sensor plate 26o 
and the output voltages C and D in the inner sensor plate 26i, 
are all raised. Namely; the inner and outer sensor plates 26o and 
26i have the same characteristics of changes in output voltages 
A, B, C and D due to changes in temperature. Thus, when the 
temperature is lowered, an error in a direction of increase in 
the detected weight is generated (see solid lines in Figs.l3B and 
14B) . 

Fig. 11 shows a situation in which the temperature around 
the seat S is lowered when the door is opened in a state in which 
a room temperature is 25°C and an external temperature is -10°C. 
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The temperature around the seat S is gradually lowered from the 
room temperature 25°C toward the external temperature -10'C 
Fig. 12 shows a characteristic of change in weight detected by the 
weight-detecting unit 12o, I2i with time after the opening of the 
door. The amount of the change in detected weight assumes the 
maximum value in a transition state immediately after the opening 
of the door, and is gradually decreased when the time is lapsed 
to approach a steady state. 

To detect the weight of an occupant sitting on the seat S, 
it is necessary to add the two output voltages A and B of the outer 
weight-detecting unit l2o to the two output voltages C and D of 
the inner weight-detecting unit 12 i to correspond to a total weight 
applied to the four load- receiving members 20, 20, 24, 24. However, 
the two output voltages C and D of the inner weight- detecting unit 
I2i have a characteristic that they are decreased with an increase 
in weight, so that, as shown in Fig.l4B, new output voltages C 
and D' are established to have characteristics resulting from the 
inversion of the characteristics of the output voltages C and D 
from a state shown by a solid line to a state shown by a broken 
line. 

Then, as shown in Fig. 15, the non-inversion output voltages 
A and B (see Fig. 13) of the outer weight-detecting unit 12o and 
the inverted output voltages C and D' (see Fig. 14) of the inner 
weight-detecting unit 121, are added together to obtain a value: 
A+B+C'+D' . At this time, the value shown in Fig.l5A with respect 
to the load correctly corresponds to the occupant's weight, but 
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the output voltage shown in Fig . 15B with respect to the temperature 
assumes a value such that the voltage (A+B) and the voltage <C'+D' ) 
are countervailed. Therefore, the generation of a detection error 
based on a change in temperature can be eliminated to detect the 
occupant's weight accurately. 

As described above, it is possible to eliminate a detection 
error due to a change in temperature, without detecting the 
temperatures of the strain resistors Rio to R4o and Rli to R4i. 
Moreover, even in a transition state in which the temperature 
suddenly changes, it is possible to prevent the generation of a 
detection error, thereby accurately detect the weight of an 
occupant. 

Although the embodiment of the present invention has been 
described in detail, it will be understood that the present 
invention is not limited to the above-described embodiment, and 
various modifications in design may be made without departing from 
the subject matter of the invention defined in the claims. 

For example, the occupant's weight is detected in order to 
control the deployment of an air bag in the embodiment, but the 
present invention is applicable to any purpose other than the 
control of the deployment of the air bag. 

In addition, the output voltages C and D of the inner 
weight-detecting unit 12 i are inverted in the embodiment, but the 
output voltages A and B of the outer weight-detecting unit 12 may 
be inverted instead. 

Further, the inner and outer weight-detecting units 12o and 
12i includes the sensor plates 26o and 26i in the embodiment, but 
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a common sensor plate may be used for the inner and outer 
weight-detecting units l2o and I2i, and strain resistors Rio to 
R4o and strain resistors Rli to R4i may be mounted on upper and 
lower surfaces, respectively, of the common sensor plate. This 
can contribute to a reduction in the number of parts. 

Yet further, to cope with a case where a detection error 
is generated in a steady temperature difference, namely, a 
detection error is generated between a high temperature condition 
and a low temperature condition, thermistors may be mounted on 
the sensor plates 26o and 26i to correct the error. In this case, 
the detection errors due to differences in temperature between 
the strain resistors Rio to R4o and Rli to R4i and the corresponding 
thermistors can be corrected on the same principle as that for 
correcting the detection errors due to the differences in 
temperature between the strain resistors Rio to R4o and Rli to 
R4i. 



